The infertility affects about 15% of couples and male factors being responsible about 40-50%. In male infertility, genetic abnormalities of Y chromosome play crucial role in spermatogenesis defect. Y chromosome q arm having Azoospermia factor region (AZFa, AZFb, and AZFc) are most important for spermatogenesis. Here, we investigated the frequencies of Y-chromosome microdeletions using three sets of multiplex PCR in idiopathic cases of azoospermia. We studied a total of 110 infertile male with non-obstructive azoospermia subjects & 50 fertile control subjects. All DNA samples were used for Y chromosome microdeletions analysis by using 11 STS markers in three different multiplex PCR of AZF regions. Out of 110 infertile azoospermic males, 14 (12.72%) infertile males showed partial deletion of AZF regions using three sets of multiplex PCR group. In the AZF microdeletions of infertile males, individually AZFc region was the most deletions sites (10%) followed by AZFb (6.36%) and AZFa (1.81%). The sites and sizes of microdeletions differ in all infertile azoospermic males who showed at least two or more STS markers microdeletions. The frequency of Y chromosome microdeletions in our azoospermic infertile males is 12.72%. We conclude that Y chromosome microdeletions frequency in azoospermic infertile males is higher than other infertile group due to severe impairment in spermatogenesis. Multiplex PCR screening of microdeletions is very useful and time saving technique when used more number of STS markers. It will be great help to infertility clinics for genetic counseling and assisted reproduction.
The infertility affects around 10-15% of married couples who trying to achieve pregnancy and nearly 40-50% of these are accountable to the male partner (Boivin, et al, 2007) . The male Infertility is an important reproductive health problem with multi-factorial genetic and nongenetic etiology. Various patho-physiological factors have been identified for male infertility but still more than 60% of cases of infertility the origin of altered testicular function is unknown (Krausz, et al, 2006) . A genetic factor plays an important role in spermatogenic failure in infertile males. Spermatogenesis is a highly complex process of germ cell development that regulates more than 2000 genes (Ferlin, et al, 2007a) . The percentage of chromosomal abnormalities in the azoospermic infertile male population is around 15-20% (Krausz, et al, 2006) . However, in last two decades several researchers have been published the relationship of Y chromosome microdeletions and idiopathic male infertility. The Y chromosome contains three functional AZF regions which involved in the active spermatogenesis. These three AZF regions spanned over the interval 5 and 6 of long arm of Y chromosome. The molecular technique has been used for analysis of microdeletions of Yq spermatogenesis controlling region commonly deleted in azoospermia and oligozoospermia infertile males (Vogt, et al, 1996) .
The male sex-determining region (SRY) has been mapped on the short arm of Y chromosome at Yp11. Initial study of the Y chromosome long arm deletions in azoospermic infertile men were carried out through cytogenetic analysis but most of deletions on the Y chromosome are too minute to be detected by standard cytogenetic banding method. However, only large structural rearrangements can observe mainly more than 2 Mb or whole long Yq11 region deletions in infertile males (Tiepolo, et al, 1976) . In India, Y chromosome microdeletions testing in diverse classes of infertile men has been reported by different groups and a very wide variation (0-28 %) in the prevalence of Yq microdeletions have been observed (Sen, et al, 2013) . In addition, it is important to note that infertile men carrying Yq microdeletions always pass on the defect to their male offspring born after Intra-cytoplasmic Sperm Injections (ICSI) thereby continuing infertility in the offspring of infertile couple (Silber, et al, 2011) . The molecular screening through PCR technique has made it easy to identified microdeletions on the Y chromosome for proper genetic counseling of infertile males (Ferlin, et al, 2007b) . In the previous studies large number of STS markers have been used for detection of Y chromosome microdeletions among infertile males. The frequency of microdeletions has been found around 0-60% in different categories of infertile males. The wide frequency of microdeletions may be due to different number of STS markers for screening of microdeletions and selection criteria of infertile males on the basis of semen profiles (Kuchukaslan, et al, 2013) . In the present study we investigated the Y chromosome microdeletions in non-obstructive azoospermic infertile male population using three multiplex PCR sets of 11 STS markers.
Material and Methods
In the present study 110 azoospermic infertile individuals were studied for Y-chromosome microdeletions, belonging to the age group of 24-41 years (30.24 + 4.61) as cases and 50 ages matched fertile men as controls (WHO, 2010). Chromosomal Analysis was done on phytohemagglutinin-M stimulated whole peripheral blood culture following standard protocol of our lab. All infertile subjects with a normal 46,XY karyotype as shown by GTG banding were included in present study. EDTA containing whole blood was used for genomic DNA extraction process following proteniase-k, phenol chloroform extraction method (Ambulkar, et al, 2014) . The purified DNA samples were dissolved in TE buffer for multiplex PCR reactions.
Multiplex PCr used for defining microdeletions with three sets of sts markers
Total genomic DNAs of 110 nonobstructive idiopathic azoospermic infertile men and 50 normal healthy proven fertile subjects as positive controls and 5 normal female as negative controls were tested using for 14 STS markers of AZF loci which mapped to long arm of the Y chromosome (Yq) particularly interval 5 and 6 spanning over the azoospermia factor (AZF) regions. The STS primers used were 2 primers: sY86, sY84 for AZFa; 4 primers: sY113, sY118, sY127, sY134, for AZFb and 4 primers: sY153, sY255, sY254, sY157 for AZFc (Ambulkar, et al, 2014; Simoni, et al, 2004) . All STSs were used in three sets of multiplex PCR reactions ( Table 1 ). The internal control was STS primer sY14 for sex determining region of the Y (SRY). 300 ng DNA samples were subjected to PCR amplification reactions with 1 X PCR assay buffer, 1. and same for all the samples. Different annealing temperatures that were used (58 o C -60 o C for 30 second-50 second) depending on STS markers sets. PCR product was analyzed on a 2 % agarose gel electrophoresis containing ethidium bromide (0.5 microgram/ml). In the event of detecting a microdeletion of a Y-specific sequence tagged sites (STSs) with a primer, the PCR assay was repeated thrice for confirmation.
Multiplex PCr sets and aZF regions with PCr product size
The three different multiplex PCR sets were prepared for screening of Y-chromosome microdeletions; each set contains three STS markers. For every reaction, same amplification condition was used (Bor, et al, 2001 ). Out of eleven STS markers, 10 STS markers span over the euchromatic region of Y-chromosome covered AZFa, AZFb, AZFc regions to be associated with spermatogenesis defects and one STS marker specified sex determination (SRY) gene. Each STS marker specified AZF region and PCR products size were mentioned in (Table 1) . Every sets of multiplex PCR was designed like that distance of amplified PCR products at least 25 bp nucleotide.
resUlts
A total 110 infertile individuals with non-obstructive azoospermia were analyzed for incidence of Y chromosome microdeletions. A total of 14 (12.72%) infertile azoospermic individuals were identified interstitial Y chromosome microdeletions using with multiplex PCR analysis. All fourteen azoospermic infertile males were cytogenetically normal and detected with the presence of either one or more deleted STS loci. Each STS primer amplified the expected size of products in all normal fertile controls and no deletions were identified in any of the 50 fertile men. In normal fertile women as negative control, STS failed to amplify the expected product size of DNA. All the three sets of multiplex PCR were amplified successfully and showed expected band size on corresponding position (Figure 1 ). (Table 2) . Out of 14 Y-chromosome microdeletions of AZF regions, deletion AZFa region was observed in 1 (7.14%) infertile males, deletion AZFb was observed in 1 (7.14%) infertile males and deletion AZFc region was observed in 6 (42.85%) infertile males, along with deletion of AZFb+c region was observed in 5 (35.71%) infertile males and AZFa+b region was observed in 1 (7.14%) infertile males ( Table 3 ). The overall frequency of deletions of AZFa, AZFb, AZFc regions were found 2 (1.81%), 7 (6.36%) and 11(10%) respectively. We found AZFc regions was the most deleted region of Yq microdeletions than AZFa region and AZFb region of microdeletions. In the five azoospermic infertile males microdeletions were found in two overlapping regions AZFb+c and one infertile males had shown deletions of overlapping region AZFa+b (Figure 2 ). The microdeletions found in multiplex PCR reaction were confirmed by simplex PCR for only deleted STS markers.
disCUssions
The Y chromosome long arm has contained euchromatic region which divided in three important regions AZFa, AZFb, AZFc. Most of spermatogenesis controlling candidate genes have found in AZF region which actively involved in spermatogenesis and male fertility (Foresta, et al, 2001 ). Microdeletions in Y-chromosomal AZF regions are known cause of male infertility but the frequency of Y chromosome microdeletions varied with the severity of the spermatogenic impairment from oligozoospermia to azoospermia infertile males (Zhang, et al, 2007) . Over all 10-15% of azoospermic and 5-10% oligozoospermic men had shown Y microdeletions in idiopathic conditions and it is due to inclusion criteria and number of STS markers used in screening of AZF regions microdeletions on Y chromosome (Sen, et al, 2013; Sachdeva, et al, 2010) . Now, the diagnosis of genetic etiology has important clinical significance to overcome male infertility problem using different sets of STS markers for screening of microdeletions in AZF regions. However, systematic use of STS-PCR markers is beneficial tools for screening of Y chromosome microdeletions and provides counseling to infertile couple effectively, regard to the birth of an infertile male offspring (Lange, et al, 2008; Mitra, et al, 2008) .
In present study, 12.72% microdeletions was reported in the Y chromosome in idiopathic azoospermic infertile men using three sets of multiplex PCR amplifications. We have studied microdeletions through three sets of multiplex reaction using 10 STS markers and one internal control SRY (sY14) markers (Table 2 ). All the STS markers have been recommended by Indian council of Medical research, New Delhi and which covered six STS markers of European andrology Association (EAA). In 110 azoospermic infertile males, 14 (12.72%) azoospermic males had shown Y chromosome microdeletions with different AZF regions. Out of 14 azoospermic males of microdeletions, only AZFc regions had shown in 6 (42.85%) infertile males followed by AZFb+c region in 5 (35.71%) azoospermic infertile males and AZFa, AZFb and AZFa+b region had shown in each 1 (7.14%) azoospermic infertile male. Five azoospermic males had shown overlapping microdeletions of AZFb+c region, it is covered long STS markers microdeletions (Figure 2 ). Another one azoospermic infertile male had shown continuous deletion of AZFa and AZFb region using STS markers DFFRY, sY113 and sY118. Individually microdeletions in AZF region had shown AZFc was most deleted regions in 11 (10%) infertile males, covered with DAZ and CDY gene family. The AZFb region had shown deletions in 7 (6.36%) infertile males and AZFc region had shown deletions in 2 (1.81%) infertile males. Previous research reported the percentage of microdeletions of Yq in different studies range between 0% and 19% of infertile males with nonobstructive azoospermia or severe oligozoospermia in India (Sen, et al, 2013; Ambasudhan et al, 2003; Kim, et al, 2017) . In comparison to the statistical data obtained from all the published report to date, some studies reported 20% of microdeletions in the Y chromosome of infertile males, while others only 2% (Raicu, et al, 2003) . Further studies had showed an incidence of microdeletions 5.1% to 9.6% in the infertile males (Ferlin 2008; Tuttelmann, et al, 2007) . On the other hand, in Italy 55% microdeletions of Y chromosome were found in infertile males (Simoni, et al, 2012) . Results of present study and prevalence of microdeletions are in accordance with the previously reported results and reported between 10-23% (Thangaraj, et al, 2003; Dada, et al, 2004) . The studies published on Y chromosome microdeletions have shown a remarkably difference in the microdeletions frequency. This is due to selection criteria of different patients groups and use of different sets of STS marker (Sachdeva, et al, 2010; MotovaliBashi, et al, 2015) .
From last two decades, there have been several studies in which infertile men have been screened for Y chromosome microdeletions and large numbers of STS markers have been developed for different AZF region along with heterochromatic region of Y-chromosome (Lange, et al, 2008; Asadi, et al, 2017) . With the development of STS markers, it is not possible to used one reaction for one marker. Hence, it is need to establish technique for amplifying several loci in one reaction, multiplex PCR is a rapid, robust and convenient method for analyzing of many loci in a single reaction with short time (Bor, et al, 2001 ). Thus, multiplex PCR has been suggested to be the choice for routine screening of microdeletions on the Y-chromosome in infertile men, since analysis of many STSs is impractical by single PCR (Asadi, et al, 2017) . In the present study, all three set of multiplex covered EAA recommended markers and also included STS markers mostly used in Indian studies (Simoni, et al, 2004) . All multiplex reaction set has been optimized to work under identical conditions for all 11 STSs markers, but it is always difficult to establish of multiplex PCR in making different primer pairs work together.
Y chromosome of AZFc region was most frequently deleted sites in infertile males ( Figure  5 ). DAZ (Deleted in azoospermia) is candidate gene of AZFc region plays important role for spermatogenesis (Massart, et al, 2012) . DAZ is multiple copy number genes which contain higher number of pallindromic repetitive sequences in AZFc region (Thangaraj, et al, 2003) . Skaletsky et al. (2003) was reported that reduction of copy number to have an increased risk in infertility (Skaletsky, et al, 2003) . Deletion of AZFa and AZFb of Y chromosome can cause azoospermia or severe oligozoospermia and these results showed that all AZFa and AZFb microdeletions were present in only azoospermic infertile males (Vogt, et al, 1996; Mitra, et al, 2008) . The present study showed that microdeletions in spermatogenesis involving genes of AZF region cause various abnormal phenotypes in infertile males. On Yq region of AZF microdeletions was directly related with the phase in which spermatogenesis was arrested. Microdeletions of each locus cause spermatogenic arrest at a particular stage because each candidate genes of AZF locus specified a different phase of spermatogenesis (Geoffroy, et al, 2007) . Testicular histology of Y chromosome microdeletions in azoospermia and oligozoospermia infertile male had shown variable phenotypes of spermatogenesis (Singh, et al, 2005) . These results confirmed that before the infertile couple have adapted Intra cytoplasmic sperm Injection or other assisted reproductive techniques, sets of STS markers of AZF regions should be used routinely as diagnostic genetic test to screen for Y chromosome microdeletions.
ConClUsion
The present study demonstrated that a microdeletion of Y-chromosome is a important genetic cause of non-obstructive azoospermia which is not observed through cytogenetic technique. Especially multiplex PCR approach is very useful method for screening of Y-chromosome microdeletions in short time with large number of STS markers. The screening of Y chromosome microdeletions and genetic counseling is powerful exercises for infertile men prior to opting of assisted reproduction techniques.
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